PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Title: FILTER DEVICE 
Inventors: Walter Best 

Uwe Schumacher 
Attorney Docket No.: 16202.640 



The invention concerns a filter device having filter elements made of ceramic 
material which are combined into at least one filter elerncm group i„ which the filter 
«kmeots lie side by side next to one another andean be flowed through in parallel 
For hot gas filtration, for example the filtration of diesel engine exhaust gases, 
; incre ^ « being made of fitter demet>U made of porous c*rW material; 
particularly succe^ here « the SiC ceramic material tW is described in EP 796 830 
Al.lt is chemically stable- and has high thermal conductivity, temper*** nsiaanee, and 
thecal shock rcsisumcc. As is evident from WO 93/1 3303 and EP I 013 328 A2> filter 
clement* of thi s kind are combined into one filter element group or several of them, in 
which me filter elements lie side by side next to one another and are flow* though in 
parallel. r*c ated * ^ daat ^ ^ co«a« 1^ of ^nal 

by the action of heat. The filter element groups are funded by housbgs that can also 
be replaceable. 

For use oc diesel engines, it is import** for thet^rpardclc, deposited or, or ^ 
in the filter cWw to oe removed al regular intervals sc that the flow-through resistaace^^^^ 
iaparticuh, m the ffltratiotully effective wallsof the firemen, does** become too ^ 
^ One know, method consist in he^g the filter elements, by application 

cf a* electric^, to an coent that fcef^p^ igaile ^ ^ off (cf 

suitable electrical resistance (cf. EP 0 796 830 Al). Particular electrical terminals . as 

described, for example in EP 0 S/n soi a t . 

P • Uy43 593 AI necessary to ensure current transfer wife 

as little resistance as possible. 

US Paem 4.505., 07 . «,„ ^ ^ fa ^ ^ ^ 



that comprises a heating grid made of electrically conductive ceramic material that » 
aquipiW with « plurality of dectrical tcmunaL,. each two terminals beta £ corrected to ^ 
electrical k this fashion, the heating gtW W W acted upon by eurro^ «od thus 

heated, sequentially m sections, Insteed of the heating grid it is aJao possible to provide , 
5 plurality of heating alcmcnts with a cemmic coaxing, distributed over the cad surface of 
the filter element -which ace also acted upon wqoentially by electric parent 

Bectrical cleaning ox legeneratkm results in a not inconsiderable installation and 
control outlay. Efforts are therefore being made to dispense with this type of cleaning and 
to perform cleaning by way of (be exhaust gas tteelf, for example by elevating the exhaust 
to gas ceraj^ure or by ^.alty ^eraring NO, tha, transforms theSlL, by higher 
oxidation, substantially into CQ*. This type of cleaning cannot, however, be reliably 
achieve in all operating states. In particular at low engine speeds, under low toad, or in 
short-distance driving, the exhaust gas cannot be conditioned so as to bring about 



combosuoQ of the If these operating conditions persist fora long period, they can fcfa^ 

IS cause ciogg^g or at least a considerable exhaust back pressure that result* in decreased 
performance and increased fuel consumption. 

It is therefore the object of the invention oo configure a filter device of the kind 
cited initially in such a way uat^Wck.uung^ possible even under operating ^^p? 
cooditioes in which cleaning by way of the exhaust ga, is not successful. 
*° This object is achieved: according; lo the present invention, in that only some of 

the filter elements of each filter element group have electrical terminals for connection 
with an electrical energy source, and at least that/those d emeno» is/are made of 
electrically conductive ceramic material. 
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The basic idea of the invention is thus to provide electrical cleaning but to limit it 
to some of the filter elements and accordingly to keep the outlay for equipment 
comparatively low. This is based on the consideration, already belonging to the invention, 
that the exhaust gas volume is low in precisely those operating states in which 
combustion of the carbon by way of the exhaust gas is not successful, and accordingly 
even a partial cleaning is sufficient to ensure a sufficiently low exhaust gas pressure. 
Complete regeneration occurs when the diesel engine has warmed up and greater load 
states are demanded. The two cleaning methods thus complement one another with little 
additional outlay for equipment For the other filter elements, furthermore, their electrical 
conductivity does not need to be taken into account. 

In an embodiment of the invention, provision is made for the first filter element(s) 
to be arranged at the center, since energy conversion there is particularly effective. The 
possibility also exists, however, for the first filter elements to be arranged in distributed 
fashion in the filter element group, greater flexibility being thereby achievable. In this 
case the possibility exists of cleaning the filter elements alternatingly by way of a 
corresponding circuit 

The invention does not exclude the fact that the second filter elements are also 
made of electrically conductive ceramic material. This is a good choice in particular if the 
second filter elements resting against the first filter elements) are in electrically 
conductive contact with the first filter elements). Concurrent heating of the second filter 
elements can thereby be brought about By appropriately designing the electrical 
conductivity of the first and second filter elements and the transition between the two, the 
concurrent heating can be adapted in customized fashion to respective conditions. The 
possibility also exists, however, of producing the second filter elements from an 



electrically nonconductive material, if active concurrent heating is not desired. In that 
case concurrent heating is brought about by thermal conduction. 

According to a further feature of the invention, provision is made for the thermal 
conductivity of the second filter elements to be greater than or less than that of the first 
5 filter element or elements. The concurrent heating of the second filter elements can 
thereby be adjusted accordingly. 

The filter elements can be arranged in direct contact with one another. For an 
assemblage, it is advisable to arrange contact layers between the filter elements. The 
electrical and thermal resistance can be influenced to the particular degree desired by way 
10 of the material and thickness of the contact layers* Contact layers that are made of the 
same ceramic base material as the filter elements are particularly suitable for this purpose. 

If concurrent heating is desired, the contact layers can be designed to be 
electrically conductive. Contact layers like those described in EP 0 943 593 Al have 
proven successful. The electrical conductivity of the contact layers should be lower than 

1 s that of the first filter elements. 

The contact layers can be configured in such a way that they directly connect the 
filter elements. Separate contact layers with no material connection to the filter elements 
can, however, also be provided. In that case the filter elements are held together by a 
housing that surrounds them. 

2 o The thermal conductivity of the contact layers can be of the same order of 

magnitude as that of the first or second filter elements. 

According to a further feature of the invention, provision is made for the filter 
elements to comprise, next to and alternating with one another, inflow conduits and 
outflow conduits that are separated by porous, filtrationally effective longitudinal walls, 



the inflow conduits being open on the inflow side and closed on the outflow side, and the 
outflow conduits being closed on the inflow side and open on the outflow side. Inflow 
and outflow conduits having a rectangular, in particular square, cross section have proven 
successful. In this context, the outer walls of the filter elements should be of particle- 
tight, in particular gas-tight, configuration. The filter elements can have a rectangular, 
square, oval, round, and/or shell-shaped cross section. 

The filter element group(s) is/are advantageously surrounded by a housing having 
a gas inlet and gas outlet; each filter element group can be surrounded by a separate 
housing if multiple filter element groups are present A corresponding embodiment is 
evident, for example, from EP 1 013 328 A2. 

The invention is illustrated in more detail, with reference to exemplary 
embodiments, in the drawings, in which: 

FIG. 1 shows a first filter element group in an end view; 

FIG. 2 shows a second filter element group in an end view; 

FIG. 3 shows a third filter element group in an end view; 

FIG. 4 shows a fourth filter element group, having an electrical terminal piece, in an 
end view; and 

FIG. 5 shows a longitudinal section through a filter housing having a fifth filter 
element group. 



Filter alemcat group 1 depicted in FIG. 1 comprises a first filter element 2> round in cross 

section and made of m electrically conductive ceramic material, that is surrounded by 

four shcU-shaped second filter clement* 3. 4. 5, 6 mode of ceramic njsteriaJ, Flow through , 

s all the filter elements 2, 3, 4, 5, 6 is aria], i.e. perpendicular to the plane of the drawing. 

Id known fashion they have for that purpose, adjacently and alternatingly. inflow and j 

outflow conduits that are separated by porous fiftnttronaUy effective longitudinal Wls» j 

the inflow channels being open on the inflow side (here, at the cud face) and dosed on 

the outflow side, and the outflow conduits being closed on the inflow side and open on * 

iq the outflow side . The inflow and outflow conduits are arranged in checkerboard fashion. J 

The central first filter element 2 is equipped (although this is not depicted hew in 

<tettdl) at both end faces with electrical terminals like those described in EP 0 943 593 

A I . First filter clement 2 can be connected to an electrical circuit tod thus acted upon by 

current The electrical resistance of first filter element 2 is such that when acted upon by 

ceo/- 

is current it heats up in such a way tfnTjnrhwi irtifrfi has deposited there combusts. (oJlfc&ftf 

Second filter elements 3 , 4, 5, 6 arc in contact against first filter element 2 by way 

of a contact layer (not depicted here in detail). They have no electrical terminals- 

Depending on the type of contact layers wid the thermal conductivity of second filter 

elements 3, 4, 5, 6, the latter are concurrently heated when first filter element 2 » acted 

2 o upon by current ; the heating can even proceed to the point that at least partial bum-off cf 
fee/- 

the tiasfees-occurs in these filter elements 3, 4, 5» 6 as well. If this is to be encouraged, 
second 6Her elements 3, 4, 5, 6 can also be made from an electrically conductive ceramic 
material 



Filter element group t is intended lo be incorporated into ch* filter bousing of a 

filter device, the filter device then being installed in the «xhau*t system of a dicsal engine- 
s' *j? 
frdba* cleaning is usually performed by w$y of conespondidg exhaust gas processing 

for example elevating tbe exhaust g*a temperature to a level at which the unUAT //j7^/f:^» 
5 combusts. If the vehicle in question is used only at tow load or in. short-distance driving, 
(he risk exists that operating states in whieh the exhaust gas temperature is tufficient for 
combustion of the carbon will not be attained. Id that case electrical current is delivered 
to first filter element 2 so that it heats up to « temperature at which tbe*nfea& combus^W2^g^ 
The exemplary embodiment ofFfG 2 shows a filter element group 1 1 in which a 

io first filter element 1 2 is arranged centrally and is stnrotmded by eight second filter 

elements 1 3 through 20 . to contrast to the embodiment of FIG. t > her* filter elements 1 2 
through 20 have a square cross section, so that filter element 1 1 also has a square cross 5ufr7&*02 
section. Except for the differences ia cross section, the description of the exemplary 
embodiment shown in FIG. 1 is applicable. 

a.* FIG- 3 depicts a further exemplary embodiment of a filter element group 2 1 in 

which two first filter elements 22, 23 are arranged at a distance from one another and 
separated by a second filter element 24, First film elements 22, 23 are surrounded by 
further second filter elements (UWed^by >vay of example), thus yielding an overall jyjk&Zfrf 
square cross section for filter clement group 21. Filter elements 22, 23. 24, 25 themselves 

2 o have a square cross section. 

With regard further to first and second filter elements 22, 23, 24, 25, the reader is 
referred to the description of filter elements 2 through 6 shown in FIG. h In the case of 
filter element group 2 1 „ the possibiliry exists of performing cleaning of first filter . 



•7 



elements 22, 23 independently of one another and at different times, by providing a 
corresponding circuit 

Filter element group 3 1 depicted in FIG. 4 has an overall circular cross section 
and is similar to filter element group 1 shown in FIG. 1, with the difference that the first, 
5 center filter element 32 has a square cross section. It is surrounded by four shell-shaped 
second filter elements 33, 34, 35, 36. Filter element group 3 1 is surrounded by a circular 
housing 37, an insulation layer 38 being present between filter element group 31 and 
housing 37. The individual filter elements 32, 33, 34, 35, and 36 are separated from one 
another by contact layers (labeled 39 by way of example). Contact layers 39 have a lower 
10 electrical conductivity than filter elements 32, 33, 34, 35, 36. 

Placed onto the end face of first filter element 32 is a terminal piece 40 that has 
the same cross section as first filter element 32 and, as depicted, comprises square inflow 
conduits. Terminal piece 40 is depicted again below filter element 31, rotated 90 degrees. 
Terminal piece 40 is connected via contact layer elements (labeled 41 by way of example) 
is to the end face of first filter element 32. On the outer side, terminal piece 40 has a 
connector flange 42 that is equipped with a connector screw 43 for attachment of an 
electrical cable. It is understood that a corresponding terminal piece is present on the 
other end face of first filter element 32. 

Filter element group 51 depicted in FIG. 5 is housed in a housing 52 that first 
20 expands conically in the flow direction and then contracts conically again. Only a single 
filter element 53, which extends over the entire width of housing 52, is shown in section. 
The other filter elements are not visible. 

The sectioned depiction shows clearly that inflow conduits (labeled 54 by way of 
example) and outflow conduits (labeled 55 by way of example) alternate in the section 
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plane. Inflow conduits 54 and outflow conduits 55 are separated by longitudinal walls 
(labeled 56 by way of example), longitudinal walls 56 being porous and thus filtrationally 
effective. In the inflow direction, outflow conduits 55 are closed off by end walls (labeled 
57 by way of example) which are gas-tight, i.e. through which flow cannot occur. On the 
5 outflow side, inflow conduits 54 are closed off by corresponding end walls (labeled 58 by 
way of example), so that the gas flowing into inflow conduits 54 is forced to flow through 
longitudinal walls 56 and then to flow out of filter element 53 through outflow conduits 
55. 
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